Plasmid pAM,1, originally isolated from Streptococcus faecalis DS5, mediates resistance to the MLS (macrolide, lincosamide, and streptogramin Ba) group of antibiotics. A restriction endonuclease map of the 26.5-kilobase (kb) pAM31 molecule was constructed by using the enzymes AvaI, HpaII Whereas the pAMpl-like plasmids are readily transferred to a number of gram-positive bacterial species, most plasmids of streptococcal origin are not. The majority of streptococcal plasmids that we have examined, including a few that mediate an MLS resistance phenotype, cannot be used to transform competent streptococci, nor can they be transferred by conjugation to species of a Lancefield group other than that from which they originated. We have been interested in studying those genetic determinants that contribute to plasmid host-range. Since pAMP1 is representative of the broad host-range streptococcal plasmids, we have begun an * Corresponding author.
Plasmid pAM31, originally identified in a clinical isolate of Streptococcus faecalis DS5 (8) , mediates resistance to erythromycin, which is representative of the MLS phenotype (resistance to macrolides, lincosamides, and streptogramin Ba; 40). Plasmid pAMP1 was transformed into the Challis strain of S. sanguis (21) and into a competent group F Streptococcus strain (20) . The self-transmissibility of pAM,1 was demonstrated when the group F transformant was used as a conjugative donor for three different species of viridans group streptococci (22) . Subsequently, pAM,B1 was shown to be transmissible among members of virtually every species of Streptococcus (7) , and to certain strains of Lactobacillus casei (14) , Staphylococcus aureus (13, 35) , and Bacillus subtilis (19) .
Several MLS resistance plasmids, similar in size (26 to 34 kilobases [kb] ) to pAMP1, have been isolated from strains representing various species of Streptococcus (7) . A number of these have been transferred, by conjugation, to different species of Streptococcus and to S. aureus (7) . DNA-DNA homology studies (12, 15, 41) and restriction endonuclease analyses (17) have suggested that these plasmids are closely related. Two independently isolated MLS plasmids, pAC1 from Streptococcus pyogenes and pAM,B1, were virtually identical (41). It would appear, then, that the MLS plasmids have been widely disseminated in nature.
Whereas the pAMpl-like plasmids are readily transferred to a number of gram-positive bacterial species, most plasmids of streptococcal origin are not. The majority of streptococcal plasmids that we have examined, including a few that mediate an MLS resistance phenotype, cannot be used to transform competent streptococci, nor can they be transferred by conjugation to species of a Lancefield group other than that from which they originated. We have been interested in studying those genetic determinants that contribute to plasmid host-range. Since pAMP1 is representative of the broad host-range streptococcal plasmids, we have begun an * Corresponding author.
extensive physical and functional analysis of this molecule. We present in this communication (i) a detailed restriction endonuclease cleavage map of pAMpl; (ii) the locations of the MLS resistance determinant, at least one tra function, and the replication region, on this map; and (iii) the results of cloning experiments that delineate further the replication gene(s) of pAMP1.
MATERIALS AND METHODS
Bacterial strains, plasmids, and culture conditions. The bacterial strains used in this study are described in Table 1 . The Escherichia coli plasmid vector, pACKC1, was constructed by the religation of combined HaeII digestion fragments from pACYC177 (6) and pACYC184 (6) by V. Burdett . It is a 3.97-kb hybrid plasmid consisting of the kanamycin (Km) resistance determinant from pACYC177 and the replicon and chloramphenicol (Cm) resistance determinant from pACYC184. When DNA is inserted into the single EcoRI site of pACKC1, the Cm resistance determinant is inactivated.
L broth (reference 11, p. 201) was used for the cultivation of all E. coli strains. Streptococci were grown in brain heart infusion (BHI) (Difco Laboratories) broth, or in LCM (33) broth supplemented with 10 mM D-glucose. Solid medium contained 1.5% agar (Difco). Antibiotics employed for the selection of resistant transformant colonies were: Em, 10 ,ug/ml; streptomycin (Sm), 1 to 2 mglml; and Km, 50 ,ug/ml for E. coli and 500 ,ug/ml for Streptococcus sanguis. The insertional inactivation of Cm resistance among E. coli transformants containing pACKC1 was determined in the presence of 5 ,g of Cm per ml. Incubations were at 37°C in all cases.
Transformation and conjugation. Transformation (37) , the purification of DNA from agarose (39) , the preparation of 32P-labeled probes by nick translation (32) , and conditions for DNA-DNA hybridization (38) were as described with minor modifications as indicated previously (24) .
Plasmid curing frequencies. The stability of a plasmid, or hybrid molecule, under nonselective conditions was assessed by the following procedure. A single colony was picked from an agar plate containing the appropriate selective antibiotic and transferred to 10 ml of broth medium without antibiotic. After incubation for 18 h, 1 ml was PHYSICAL AND GENETIC ANALYSES OF pAM,B1 Plasmid DNA was purified from two streptococcal strains, S. sanguis Challis DL125 and S. anginosus-constellatus DL812. No obvious differences existed between plasmid preparations obtained from either strain, as determined from restriction endonuclease digests with nine different enzymes. Table 2 shows the numbers and sizes of DNA fragments obtained by digestion of the 26.5-kb pAM,1 molecule with these enzymes.
The following approach was employed in the construction of the restriction endonuclease map of pAMP1 illustrated in Fig. 1A . A preliminary map was obtained from double and triple digests, using various combinations of the nine enzymes listed in Table 2 . The arrangement of the fourteen HindIII fragments was confirmed by the following experiments. HindIII-digested pAM,B1 DNA was electrophoretically separated and transferred to nitrocellulose filters by the method of Southern (37 Restriction endonuclease digests of the plasmids isolated from strains DL205 and DL206 were compared with digests of pAMP1 and pACKC1. EcoRI digests of these four plasmids ( Fig. 2A) (Fig. 1A) HindIII double digests (Fig. 2B) showed that the plasmids from DL206 (lane 2) and from DL205 (data not shown) contained all of the fragments of pACKC1 (lane 1) and the
HindIII-F, -H, -D", and -I' fragments from pAMP1 (lane 3).
Phenotypic studies. E. coli HB101 is sensitive to Km but resistant to Em. E. coli V850 is sensitive to both antibiotics and is able to express the MLS resistance determinant of pAMP1 when it is ligated to an E. coli vector plasmid (28) .
The transformability of these two E. coli strains and S. sanguis DL1 by pACKC1, pAM,B1, and the chimeric plasmid pDL206 (isolated from E. coli DL205 and from S. sanguis DL206) was examined ( Table 3) . The results clearly showed that the E. coli strains could be transformed by pACKC1, but not by pAMP1, whereas S. sanguis transformants were obtained with pAMP1 but not with pACKC1. In addition, no Em resistance was associated with pACKC1, and no Km resistance was associated with pAMP1. The pACKC1 plus pAM,1 (EcoRI-B fragment) chimera, pDL206, isolated from either E. coli DL205 or S. sanguis DL206 transformed all three strains to Km resistance. In three separate transformation experiments, using pDL206 DNA purified from E. coli DL205, only three to six S. sanguis transformants were obtained per ,ug of DNA. However, when pDL206 was isolated from any of the S. sanguis transformants and used to transform S. sanguis DL1, the number of transformants produced was always between 105 and 106 per ,ug of DNA. These results support previous data (20, 22) that suggested the presence of a restriction-modification system in the Challis strain of S. sanguis.
Since mutants of S. sanguis resistant to concentrations of Km as high as 1 mg/ml have been isolated, it was necessary to demonstrate that the Km resistance exhibited by DL206 was due to the presence of the chimeric plasmid, pDL206 (Table 4 ). S. sanguis DL1 was able to grow in the presence of 64 ,ug of Km per ml. When this strain contained pDL206, it was able to grow in the presence of 500 ,ug of the antibiotic per ml, but reverted to its original level of resistance upon loss of the plasmid. The presence of either pACKC1 or the (Fig. 3A) . The 5-kb EcoRI-B fragment of pAMP1 (lane 3) appeared to be common to all four plasmids. The presence of the pAM,31 EcoRI-B fragment in plasmid DNA from one of these clones (strain DL212) was confirmed by a HindIII-EcoRl double digest (Fig. 3B) . As expected, the hybrid plasmid (lane 2) contained the HindIII-F, -H, -D", and -I' fragments of pAM,1 (lane 1 religated and used to transform strain DL1. Sixty-five Emresistant colonies were isolated and screened for plasmid DNA. Two isolates, representing clones containing the smallest plasmids observed in agarose gels, were chosen for further analyses. Complete HindIII digests of plasmid DNA purified from these two strains, DL214 and DL216, were compared with HindIII digests of pAM,B1 and pVA2 (Fig. 4) . Plasmid staility and copy number determinations. We examined the stability of pAMP1, and several of the plasmid derivatives described above, by determining rates of spontaneous curing under nonselective conditions (Table 5 ).
Among those strains harboring whole or partial pAMP1 molecules, or the pAM,1 plus S. mutans hybrid plasmid, greater than 90% of the population had retained the resident plasmid after 15 to 20 generations in the absence of selective pressure. However, strain DL206, containing the pAMP1 plus pACKC1 chimeric plasmid, was significantly less stable under nonselective conditions. Experiments were performed to determine whether the various alterations of pAM,1 had any effects on plasmid copy number (Table 6 ). Plasmid pAM,1 was maintained at a copy number that was relatively independent of the streptococcal host species. The copy number obtained for pVA2 (deleted of a segment of DNA far removed from the replication functions but tentatively associated with conjugative transfer) was nearly sixfold higher than that observed with S.
sanguis harboring intact pAMP1. The remaining S. sanguis strains studied, harboring the pAMP1 plus E. coli chimera (pDL206), the pAM,B1 plus S. mutans hybrid plasmid (pDL212), or the pAMP1 HindlIl subclones (pDL214 and pDL216), yielded plasmid copy numbers that were approximately 9-to 10-fold higher than S. sanguis containing whole pAMP1. DISCUSSION A detailed restriction endonuclease map of the broad hostrange streptococcal plasmid, pAM,31, was constructed by 1A) could not be determined. The same mapping approach was used to determine the locations and extent of deletions on four independently isolated spontaneous derivatives of pAMP1 (Fig. 1B) . Fig. 1 and 5) . Figure 5 , which illustrates' an 11-kb segment of the 26. (1, 29) . This area of the replicon, located between the 6.75 and 7.0 kb points on the map of pAMP1 (Fig. 1 or 5 ), is associated with the regulation of copy number in at least one MLS plasmid (1) . Experiments are currently in progress to determine whether this is also true for the pAMP1 replicon.
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